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The Ah horizons of a Brown-Dark Brown-Black-Dark Gray-Gray Luvisolic
selluence of Canadian grassland and forest soiis were studied. Clay-associated
humus was present in greater proportions in the grassland than in forest soils, par-
ticularly in the grassland soils of the more arid regions. Amounts of alkali-
pyrophosphate-extractable humus increased in the Brown to Gray Luvisolic
sequence. Alkali-pyrophosphate-extractable humic acid (HA-A) contents were
greatest in the Black and Dark Gray soils. C:H ratios, extinction coefficients at
280 nm (E""0), and resistance to acid hydrolysis of the HA-A and clay-associated
HA-B increased in the Brown to Gray Luvisolic sequence. Free radical concentra-
tions were least for the Brown and Dark Brown soils, moderate for the Black and
greatest for the Gray Luvisolic soils. The data suggest an increase in the proportion
of aromatic components in the htrmic acids in going from the Brown to the Gray
Luvisolic soils. An objective, multivariate similarity analysis based on 22 humus
characteristics showed a relationship between soil zone ol soil environment and
the nature of the soil's humus.
Les auteurs ont 6tudi6 les horizons Ah d'une s6quence de sols Bruns-Brun fonc6-
Noirs-Cris fonc6-Gris luvisoliques dans les sols de prairie et de for6t canadiens.
On a trouv6 de plus fortes proportions d'humus associ6 ir I'argile dans les sols de
prairie que dans les sols forestiers, plus particulidrement dans les r6gions plus
arides. Les teneurs en humus extractible au pyrophosphate de Na ont augment6
tout au long de la s6quence. Les teneurs en acide humique extractible au pyro-
phosphate (HA-A) ont atteint leurs valeurs maximums dans les sols Noirs et Gris
fonc6. Le rapport C/H, le coefficient d'extinction i 280 nm (E.u) et la r6sistance
i I'hydrolyse acide des HA-A et des HA-B associ6s i I'argile ont tous augment6
tout au long de la s6quence. Les concentrations en radicaux libres 6taient les
plus basses dans les sols Bruns et Brun fonc6, moyennes dans les Noirs et le plus
hautes dans les Gris luvisoliques. Les donn6es r6vdlent un accroissement de la
proportion des composants aromatiques des acides humiques i partir des sols
Bruns aux Cris luvisoliques. Une analyse objective de similarit6 )L plusieurs vari-
ables bas6e sur 22 caract6ristiques de I'humus a fait ressortir une relation entre
la nature de l'humus et la zone de sol ou son environment (prairie ou forOt).
The content and characteristics of the or-
ganic matter in a soil are the products of the
interaction of many biotic, physical and
chemical soil environmental factors over
time. Characterization of soil humus not
only adds to our basic knowledge of the soil,
but, when several related so.ils are consid-
ered, may enhance our general knowledge of
humus formation and transformations in
soil. Broad soil zones, products of regular
Can, J. Soil Sci. 541 447-456 (Nov. 1974)
changes in climate and vegetation, and a
general uniformity of glacial till parent ma-
terials make Saskatchewan an excellent re-
gion for studying soil components such as
humus over an environmental gradient. A
recently developed extraction-fractionation
technique (Anderson et al. 1974) appeared
suitable for a study of the organic matter of
a zonal sequence of soils.
Due to the heterogeneity of soil humus
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the soil environment it was decided that sev-
eral humus properties be considered so that
trends and general relationships noted for
individual humus properties could reinforce
each other and yield a comprehensive theory
applicable to the entire system. Multivariate
statistical techniques that allow an assessment
of the level of similarity between units based
on a large number of properties were used
(Norris 1970).
MATERIALS AND METHODS
Soils and Their Environment
The soils were selected to include a range from
the Brown soils of the semiarid grassland,
through moist grassland and transitional types,
to the Gray Luvisolic soils of subhumid forested
regions (Table 1). Annual precipitation in-
creases from 30 to 35 cm in the Brown soil
zone, to 33-38 cm in the Dark Brown and to
36-45 cm in the Black and Gray Luvisolic
zones (Mitchell et al. 1944). Growing season
moisture deficits are considerably greater in the
warmer Brown and Dark Brown zones than in
the Black and Gray Luvisolic zones, and
droughts are more frequent. Degree days above
5.0 C range from 1,440 in the Brown and Dark
Brown, to 1,330 in the Black and 1,220 or less
in the Gray Luvisolic regions. Mean annual soil
temperatures (20 cm depth) are about 4-5 C,
mean growing season soil temperatures about
15-18 C, and the soils are frozen in winter
(Baier and Russelo 1970). The climate of this
region is more similar to that of the West Si-
berian Chernozemzone than it is to the climate
of the Chernozem zones of Europe (Ivanova
et al. 1962).
The A horizons of virgin soils were studied.
All except the Gray Luvisolic R5 soil have
developed on medium-textured glacial till that
contains 15-20% lime carbonates; the R5 soil
was formed on a calcareous clay lacustrine de-
posit. Chemical and morphological properties
of the soils are given in Table 1. The Brown
(Hr) and Dark Brown, Weyburn (W) Ah hori-
zons contained relatively large amounts of par-
tially decomposed roots. Considerably fewer
roots were observed in the Ah horizons of the
Black and Dark Gray soils. The Gray Luvisoiic
Ah horizons contain substantial amounts of
charcoal and woody fragments.
Laboratory Methods
The extraction-fractionation method used (An-
derson et aL. 1974) includes a principal extrac-
tion with 0.1 N NaOH - 0.1 M NanP,O,.
1OH.O mixture. This extract was termed C-ext-
A and was fractionated into humic acid (HA-A)
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and fulvic acid (FA-A). A second fraction,
thought to be clay-associated, was isolated fol-
lowing ultrasonic dispersion in water of the
residue from the first extraction. This fraction
was separated as the supernatant following
high-speed centrifugation (10,400 g) and was
termed C-ext-B. The bulk of the C-ext-B pre-
cipitated at pH 1.5 and is termed HA-B.
Organic carbon in the soils and extracts was
measured by dichromate oxidation with ex-
ternal heating (Mebius 1960). Carbon and H
analyses of the humic materials were made by
Mikrolabor, Bonn, West Germany, using dry
combustion techniques. Nitrogen was deter-
mined by the semimicro Kjeldahl technique
(Bremner 1965). The acid hydrolysis treat-
ments involved boiling humic acids in 6 N HCI
under reflux for 16-18 h.
Extinction coefficients in the ultraviolet-vis-
ible region were measured on Na-humate solu-
tions containing 17 ppm humate-C, buffered to
pH 7 in 0.05 M NaHCO,. Extinction coefficients
at 465 and 665 nm, used in calculating E,:Eu
ratios, were measured on similar solutions con-
taining 34 ppm C. A Beckman DBG spectro-
photometer and a l-cm cell were used.
Electron spin resonance (ESR) rneasure-
ments were made on low-ash (O-2%), finely
ground humic acid samples that had been dried
over a desiccant. Sufficient sample (15-30 mg)
to fill the standard fused quartz ESR tube to
a height of 3-4 mm was transferred to the tube,
and the tube stoppered. The samples were
transferred by placing a little of the sample into
the end of a thin-walled metal tube whose outer
diameter was fractionally less than that of the
inner diameter of the quartz tube and trans-
ferring the sample to the bottom of the ESR
tube, taking care that none of the sample ad-
hered to the walls. The weight of each sample
in the tube was determined by weighing first
the empty tube and then the tube plus sample.
All weighings were made on a Mettler micro-
balance, with an accuracy of ! 2 pg. ESR
spectra were recorded at room temperature on
a Varian V-4502 spectrometer with a 9.3 GHz
nominal operating frequency equipped with a
Mark II Fieldail and employing both 100 KHz
and 400 Hz modulation. A Varian V-4537
(TE,,,,) double cavity was used in the measure-
ment of spin concentrations. Spectra were re-
corded on an XYZ two-pen Hewlett-Packard
recorder. The magnetic field at the sample was
found by adding a microscopic crystal of DPPH
(diphenylpicrylhydrazyl) to the sample after
the measurement of spin concentrations had
been made, and re-recording the spectrum; this
eliminates any distortion of the field due to
the presence of the quartz sample tube. The
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field sweep was calibrated against a dilute solu-
tion of Fremy's salt (potassium nitrosodisul-
phonate).
Spin concentrations were found by compari-
son with a standard carbon sample (prepared
and standardized by D.E.G. Austen in 1958
and re-standardized in a large number of U.K.
and European laboratories in the period 1961-
70) containing 17.4 X l0''' spins/g and having
a peak-peak line-width of 5.0 gauss. The carbon
sample was prepared for ESR use in the same
way as the humic acid samples. The carbon
sample and a humic acid sample were placed
in each of the two halves of the double cavitv.
care being taken in each cuse to ensure that
each sample was placed in the geometric center
of its half of the cavity. Spectra were then re-
corded simultaneously using I00 KHz modula-
tion for the humic acid sample and 400 Hz
modulation for the carbon standard. Spectra
were then re-recorded simultrneously using 400
Hz modulation for the humic acid sample and
100 KHz modulation for the carbon standard.
The positions of the sample and standard were
then reversed and the procedure repeated. The
weight of carbon used (1.18 mg) was so chosen
that the number of spins was approximately the
same as that found in the humic acid samnles.
In addition, al borh 100 KHz and 400 Hz. thc
modulation amplititudes were kept constant
throughout the entire series of experiments,
spectra of suitable size being obtained by alter-
ing the gain settings. Experimental measure-
ments of spectrum size for different gain settings
showed that the settings were linear within 2/o
over the range used. The number of spins in
elch sample was found by double integration
of the spectra and comparison of the standard
and sample spectra obtained at (a) 100 KHz
and (b) 400 Hz.
RESULTS
Organic Matter Content and
Composition
The relatively thick Ah horizons of the Dark
Brown (W), Black (Ox-l and Ox-2), and
Dark Gray (Wh) soils contained the largest
total amounts of organic C or humus (Table
2). However, percentages of organic C were
higher in the much thinner, forest Ah hori-
zons. The amount of organic C soluble in
alkali-pyrophosphate (C-ext-A) was 26-27 o/o
in the semiarid grassland Hr and W Ah
horizons, 38-39Vo in the Black Ox-l and
Ox-2, and 44-48% in the Dark Gray and
Cray Lrrvisolic Ah horizons. Conversely,
the data demonstrate a gradual increase in
humin content (alkali-pyrophosphate insolu-
ble material) in the reverse sequence. HA-A
contents and humic:fulvic acid ratios were
least in the Brown (Hr) and generally in-
creased along the Brown-Gray Luvisolic
sequence. In absolute terms, humic acid con-
tents are greatest in the Black Ah horizons
(Ox-1, Ox-2). The C-ext-B fraction ac-
counted for about 20Vo of the organic C,
except for the Wv Ah horizon, which con-
tained 1 l7o. Generally, the ratios C-ext-A:
C-ext-B increased in the Brown to Gray
Luvisolic sequence, corresponding to larger
contents of C-ext-A and HA-A in the Black,
Dark Gray and Gray Luvisolic soils and
suggesting a decrease in the relative import-
ance of clay-associated humus in the forest
Ah horizons. This is in agreement with thin-
section observations (St. Arnaud and White-
Table 2. Fractional composition of the humus
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side 1963). which revealed that humus and
humus-clay complexes dominate the fabric
of Chernozemic Ah horizons and are less
significant in Luvisolic Ah horizons.
The content and factional composition of
the humus of the poorly drained Whg Ah
was similar to the adjacent Wh-Ah.
Chernical Properties
The C content of the HA-A on an ash-free
basis ranged from a low of 52.67o for the
Brown Hr Ah horizon to 55.2% for the
Gray Luvisolic R5 Ah (Table 3). Consistent
differences related to soil type were not
observed. The C content of the HA-B was
generally l-2Va less than the corresponding
HA-A. Similarly, the H content of the HA-A
ranged from 4.85Vo for the Hr Ah to values
of 3.5-4.2% for the Dark Gray (Wh-Ah,
Wh-Aeh) and Gray Luvisolic (R5) Ah hori-
zons, with no consistent changes related to
soil type. The H content of the HA-B was
considerably greater than the HA-A, result-
ing in lower C:H ratios for the HA-B. De-
creases in the H content, coupled with slight
increases in the C content of the humic acids
result in general, but irregular, increases in
the C:H ratios in the Brown to Gray Luvi-
solic sequence. C:H ratios have been used as
indices of aromatic condensation (Kononova
and Alexandrova 1973), widening with in-
crease in condensation.
The N content of the HA-B is greater
than that of the HA-A, resulting in narrower
C:N ratios for the HA-B. The C:N ratios of
the HA-A are about 12 or 13, except for the
R5 sample which has a ratio of 10. The C:N
ratios of the HA-B are in the range of 10-
ll, except for R5 with a ratio of 8.7.
Amounts of HA-A carbon hydrolyzable
in 6 N HCI varied from 387o for the Hr
Ah horizon to values of 337o or less for
Wh, Wv and R5. The HA-B is more sus-
ceptible to acid hydrolysis, but shows the
same trend as the HA-A over the range of
soils studied. The proportion of humic acid
nitrogen hydrolyzable ranged from 75 to
48Vo for the HA-A and 89 to 587o for the
HA-B. In comparing soils, values for both
the HA-A and HA-B were greatest for the
Brown Hr Ah horizon, lowest for the Gray
Luvisolic R5 Ah.
The ESR spectra of the humic acid sam-
ples consisted of a single line devoid of any
hyperfine splitting (Fig. l). For most sam-
ples, the line-shape was approximately Lor-
entzian (Table 4). It was observed that: (a)
the greater the line-width, the greater the
Table 3 . Chemical properties of the HA-A and HA-B fractrons
C hyd. N hyd.
(Eo) (sa)C:N
CHN



























































































































































































































Fig. 1. The ESR spectlum of the Dark Brown
(W). HA-B fraction.
g-value, and b) as the line-width increased,
the line-shape changed from asymmetric to
Lorentzian to Gaussian. In particular, the
line-shapes of the spectra of the humic acids
obtained from the R5 soil were approxi-
mately Gaussian. A check was made to en-
sure that the asymmetry of the narrowest
lines was not an instrumental artifact. The
asymmetry of some of the spectra (Fig. I
and Table 4) could be due to the presence
of more than one kind of radical center; this
is also suggested by the differences in line-
shape of the spectra of different humic acid
samples. The free radical content of the
HA-A ranged from 3.0 x 10" to 10.7 x
10'' spins/g and of the HA-B from 2.6 X
l0'' to 14.9 x l0'' spins/g. The standard
deviation for several estimations of the radi-
cal content of given humic acids was ap-
proximately -L 3%. Because of the uncer-
tainty in the number of spins in the standard
sample and because of differences in line-
shape between the samples and standard, the
accuracy of the results in terms of absolute
sprn concentration is unlikely to be better
than :1- 15% . Spin concentrations were least
for the Hr, moderate for the Black Ox-l
and Ox-2 and greatest for the R5 Ah
horizon.
The spin concentration of the HA-A was
significantly correlated (95% level or great-
er) with the C:H ratio (r : 0.86), thc
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extinction coemcient at 280 nm (r : 0.95) w
and the proportion of hydrolyzable N (r ox-l
: -0.85). orz
UY and Yisible Spectral Parameters wh9
Extinction coemcients at 280 nm (E,*) may lvh-Ah
be used as indices of the aromaticity of
humic acids (Anderson et al. 1974). The
E,* value of the HA-A was lowest for the wv
Brown, Hr Ah horizon and generally in- R5
creased along the sequence to a maximal
value for the R5, Gray Luvisolic Ah hori-
zon. The HA-B had lower E,"o values, but
showed trends similar to the HA-A. The
E,* values of non-hydrolyzable residues
were greater than those of the HA-A; those
of the hydrolysates were much less.
The ratios of extinction coefficient at 465
nm to extinction coefficient at 665 nm (E,:Eo
ratios) of the HA-A were 4.9 for the Wv and
R5 Ah horizons, somewhat less for the Hr,
and lowest for the Ox-l and Ox-2 (Black),
and W (Dark Brown) Ah horizons. The
E,:Eu ratios of the H.A-B were in the range
3.2-3.8 except for the Wv soil, considerably
less than the ratios of the HA-A.
As compared to the adjacent well drained
Wh-Ah horizon, the Whg Ah had lower E,*
values for the HA-A, the non-hydrolyzable
HA-A and the HA-B (Table 5).
Similarity Analyses
Figure 2 is a similarity matrix based on the
properties of the humus of the Ah horizons
(Based on the analysis described by J. H.
Rayner, 1966, in J. Soil Sci. 17:79-92). In
considering the first column, one notes a
453
Fig. 2. Matrix of similarity coefficients (based
on 22 humus characteristics) comparing pairs
of Ah horizons.
progressive decrease in the level of similarity
(similarity coefficient) between the Hr Ah
and the other Ah horizons in the sequence
W, Ox-I, Ox-2, Wh-Ah, Wh-Aeh, Wv and
R5: that is. in accordance with decrease in
similarity of morphological, chemical and
environmental properties. Conversely, the
reverse sequence is observed if one com-
pares the other end of the spectrum, R5,
with all other Ah horizons.
Figure 3 is a two-dimensional representa-
tion of the association of the most similar
pairs and groups. The figure is drawn within
the restrictions that the most similar pairs
are adjacent and connected by a line of
appropriate density and that the distance
between individuals iquals, as closely as
possible in two dimensions, one minus
the similarity coeffrcient. The W, Ox-l and
+re9s555
t,5r-N}B
Table 5. UV and visible sDectral Darameters of the HA-A and HA-B fractions
HA-A HA-B































































lNH, non hydrolyzable humic acids
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8O7o similor
- 
70 - 7970 similor
-------- 60 - 69T0similor
Fig. 3. Two-dimensional representation of the
most similar pairs and groups of A horizons,
based on the similarity analysis of 22 humus
ch aracteristics.
Ox-2, from relatively similar grassland en-
vironments, form a group with a high level
of internal similarity. The Hr Ah is most
similar to the W. The Wh-Ah and Wh-Aeh
are similar to each other and transitional
between the Ox-l and Ox-2, and the Gray
Luvisolic R5 and Wv. The Whg Ah, the
one poorly drained soil, does not fit in well.
Schematically, the depiction of the soils in
Fig. 3 is similar to the distribution of the
soil zones in Saskatchewan.
DISCUSSION
The results of this study suggest that the
proportion of aromatic components or the
degree of aromatic condensation of the
humic acids increases in going from the
Brown to the Gray Luvisolic zones. Evi-
dence for this postulate includes the general
increases in C:H ratios, E,,o values, resist-
ance to acid hydrolysis and free radical con-
centrations of the HA-A and HA-B. in the
Brown to Gray Luvisolic sequence. The
strong correlations between C:H ratio and
free radical content, and E., and free radical
content are similar to those reported bv
Riffaldi and Schnitzer (1972a1. who usei
their results as evidence that free radical
concentration could be correlated with in-
creases in the degree of aromatic condensa-
tion of humic acids.
Over the range of soils studied, differences
in the HA-B fraction were similar to those
observed for the HA-A, and similar con-
clusions could result from considering either
fraction. This indicates that the HA-B is an
actual humus fraction, not an artifact of the
extraction-fractionation method. In an ear-
lier paper it was postulated that the HA-B
was clay-adsorbed humus (Anderson et al.
197 4).
The organic fraction of the Brown Hr Ah
horizon has a large proportion of humin
(nonextractable organic constituents), par-
ticularly partially decomposed roots, rela-
tively large amounts of clay-associated hu-
mus (HA-B) and a ratio of HA-A to FA-A
of 0.8. As compared to the other A horizons
studied, the HA-A has a low E, value,
narrow C:H ratio, a high degree of hydro-
lyzability in acid, and a low free radical
content.
The E,.o values of the non-hydrolyzable
residues and hydrolysates of the HA-A in-
dicate a concentration of the strongly ab-
sorbing structures in the non-hydrolyzable
fraction (Cheshire et al. 1967; Riffaldi and
Schnitzer 1972b). The E* value of the Hr
HA-A, the lowest observed, suggests that
the aromatic components are less condensed
than in the Black and Gray soils. The low
free radical content of the HA-A is consist-
ent with other properties, suggesting low
levels of aromatic condensation (Riffaldi and
Schnitzer 1972a). The HA-A of the Hr cor-
responds to the young or weakly humified
forms described by Kononova and Alexan-
drova (1973). Volkovintser (1969), who re-
ported similar characteristics for Chestnut
soils in Siberia, described the humic acids as
immature, and the relatively large fulvic
acid component as humic acid precursors.
He postulated a low degree or rate of humi-
fication, a consequence of the reduced bio-
logical activity due to the cold, arid climate.
The nature of the humus of the Dark
Brown W Ah horizon is transitional between
the Brown and Black Ah horizons.
The Black Ox-1 and Ox-2 Ah horizons
have relatively large amounts of humus and
substantial proportions of both HA-A and
HA-B. The C:H ratios, free radical contents
and E 
"o 
of the non-hydrolyzable HA-A in-
dicate that the aromatic components of the
humic acids of these Ah horizons are more
strongly condensed than those of the Hr Ah







































































horizon. There are substantial proportions
of hydrolyzable material, particularly N.
This fraction is the most active portion of
the organic matter from a turnover stand-
point (Campbell et al. 1967) and, together
with the potentially labile, clay-associated
HA-B, probably accounts for the high nu-
trient supplying power of Black Chernozemic
soils. Generally, the characteristics of the
humus suggest favorable conditions for hu-
mus formation and the transformation of
the initial immature forms to relatively aro-
matic, stable forms. It is postulated that such
properties are the product of longer periods
of, and more intense, biological activity, a
consequence of the more moist soil environ-
ment as compared to the Brown soil.
The Wh-Ah and Wh-Aeh Dark Gray soils
may be considered transitional between the
Black and Gray soils studied.
The Ah horizons of the forested Gray
Luvisolic soils, R5 and Wv, are thin, a con-
sequence of the surface additions of most
plant residues and the absence of soil-mixing
fauna (personal observations). The Wv and
R5 Ah horizons have relatively large HA-A
fractions in comparison to the HA-8. The
wide C:H ratios, high free radical contents,
and the high E.,n values of both the HA-A
and its non-hydrolyzable fraction suggest a
strongly aromatic HA-A. The levels of C
and N hydrolyzability are the lowest of the
soils studied. The high E,*, Values and free
radical contents, and lower levels of C and
N hydrolyzability suggest that the HA-B is
more strongly aromatic than that encoun-
tered in grassland Ah horizons. Raciiocarbon
dates and tracer studies have demonstrated
that humus formation and degradation is
rapid in Gray Luvisolic soils (Campbell et
al. 1967; Shields and Paul 1973). In this
study we have data indicating a mature, aro-
matic humic acid component. The high
E,:Eu ratios of the HA-A fractions of the
Wv and R5 suggest that they are of rela-
tively low molecular weight (Anderson et
al. 1974). Swift et al. (1970) postulate an
increase in aromaticity and decrease in mo-
lecular weight with advancing humification.
The products of the oxidative degradation
of the humic acid, the fulvic acids, were not
str.rdied. The lower horizons of Grav Luvi-
455
solic soils contain large amounts of fulvic
acids (Anderson 1972), many of which may
have been translocated from the Ah horizon.
The low C:H ratio and E:"0 values for the
HA-A of the Whg Ah horizon indicate a
lesser degree of aromatic condensation than
that enconntered in the adjacent, well
drained Wh soil. The primitive nature of the
humus of the Whg horizon can be ascribed
to unfavorable conditions for humification
due to the excess wetness in this poorly
drained soil.
In summary, the general increases in the
proportion and condensation of aromatic
components in the humic acids indicate that
the intensity or degree of humification pro-
cesses in well drained soils increases in going
from the arid Brown to the more humid
Cray Luvisolic soil zone.
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